Although the concept of brain death has been widely accepted, the criteria required for making the diagnosis remain controversial. This prospective study was undertaken to examine the reliability of a set of clinical criteria adopted in Taiwan (_YNeurolNeurosurg Psychiatry 1995;58:75-80) 
The traditional concept of death was based on the loss of heart and lung functions. As the cessation of these functions was easily observable, there was little argument about how to determine death. During the past two decades, however, traditional views concerning death have been questioned and modified. This was partly due to the advent of modern resuscitative equipment, which enabled the cardiopulmonary functions to be maintained artificially. Death can therefore no longer be equated with the loss of spontaneous breathing or heart beat. Also, cumulative Brain death has been widely accepted as evidence of death since the first formal criteria for its identification were published in 1968 by the ad hoc committee of the Harvard Medical School.2 There is still controversy, however, concerning the actual criteria for its determination.3-9 Some authors consider that clinical examination only is enough to describe a state from which recovery of consciousness is never seen and asystole within a short period is inevitable. Others suggest that certain tests, such as EEG or arteriography, are necessary to establish the diagnosis. In Taiwan, a set of criteria for determination of brain death, based on clinical ascertainment of irreversible loss of brainstem function (a dead brainstem), was proposed by the ad hoc committee of the Neurological Society on brain death in 1985 and was adopted by the Department of Health in September 1987.
The purpose of this study was to examine the reliability of these criteria and to observe the ultimate outcome of patients diagnosed as brainstem dead. As cumulative data are needed to validate the accuracy of a clinical diagnosis of brain death, and the consequences of continued ventilation of patients who are brainstem dead have seldom been specifically studied, we now present our experience on this issue.
Patients and methods
The patients enrolled in this study were all deeply comatose (Glasgow coma scale 3-5 points) and all had required artificial ventilation for at least 12 hours. They were all under the care of neurologists in intensive care units, or were being seen and followed up by neurologists through consultation. All of the enrolled patients were therefore the subjects of detailed, serial neurological examination, and a clear outcome record was available in each instance. Excluded from this study were patients who recovered from apnoeic coma or who developed asystole during the minimum observation period of 12 hours.
A total of 140 patients were included in this study: 73 were patients at the National Taiwan University Hospital between May 1985 and December 1989, and 67 were patients at the Chang Gung Memorial Hospital between February 1986 and January 1990. There were 101 men and 39 women, whose ages ranged from 2 years and 3 months to 89 years,-with a mean of 49 5 (SD 17'6) years. Cerebral infarction (n = 12) A theoretical definition of brain death might be the "irreversible loss of all brain functions". But clinically, a set of operational criteria is needed to make the diagnosis feasible. In general, there are two ways of achieving this end.'2 13 Firstly, we might seek to use some instrument that would reliably detect brain pathology, allowing total and irreversible destruction of the brain to be determined. Unfortunately, no such laboratory device is available at the present time. Secondly, we might seek to establish a set of clinical criteria that can predict the total loss of brain functions and which, when fulfilled, imply that asystole is inevitable within a short period. The reliability of such clinical criteria depends on the accumulation of data predicting asystole. As the development of medicine, sociocultural backgrounds, and the legal considerations differ in many countries, it is not surprising that the criteria for the determination of brain death may also differ.
One of the most important developments of the brain death concept was made in 1971 by two neurosurgeons'4 in the United States who reported that "in patients with known but irreparable intracranial lesions", irreversible damage to the brainstem was the "point of no return". The diagnosis of brainstem death could be "established solely on clinical grounds". This concept was clearly reflected in the memorandum'5 for the diagnosis of brain death endorsed by the Conference of Medical Royal Colleges and their Faculties of the United Kingdom (which has become known as the United Kingdom code), and was thoroughly discussed by Pallis in a monograph. 7 It is now well known that the assessment of brainstem function is pivotal to the diagnosis of brain death. The irreversible cessation of brainstem function implies the death of the "brain as a whole". Because the brainstem nuclei are closely and cephalocaudally located with respiratory centres in the lowermost segment,'6 testing the various cranial nerve reflexes and respiration provides a systematic evaluation of brainstem function. When all brainstem reflexes have been lost and absolute apnoea has been confirmed, the cessation of all brainstem function is evident, and a hopeless cardiac prognosis can be predicted. In our present study, none of the 73 Despite full cardiopulmonary support, all patients diagnosed as brainstem dead in this study sustained cardiac asystole. This occurred within seven days in 97% of the patients. The result is consistent with previous reports.' 30 31 The mechanism for the irreversible cessation of heart beat in brainstem dead patients is unknown. It has long been understood that the heart is constantly under cholinergic and adrenergic nervous control and may be affected by some diseases of the nervous system.'233 Several neuropeptides such as tyrosine, histamine, and cimetidine are closely related to cardiac function.'F36 Recently, a combined treatment of vasopressin and catecholamines was reported to stabilise and maintain circulation for a prolonged time in brain dead patients.'738 Low concentrations of free triiodothyronine in the serum of brain dead patients,39 and an association of a low concentration of free triiodothyronine with a deterioration in cardiac function,40 have also been found. Anterior and posterior pituitary hormones have been implicated in the maintenance of circulatory function in brain dead patients,37-40 but this needs further elucidation. Nevertheless, it is considered that the heart will stop beating once the effective control of the nervous system has been completely lost. It should also be mentioned that neuropathological studies in brain dead patients show postmortem autolysis,3 which is the same pathological process occurring in cardiac death.
In conclusion, our data confirm the belief that brainstem death can be reliably diagnosed on clinical findings alone. When full attention is given to the preconditions and necessary exclusions, and when the doctors carrying out the tests are adequately competent, the diagnosis of brainstem death based on clinical assessment is scientifically justified.
